Chlamydia were routinely isolated from a group of calves with pneumonia, systemic disease, and enteric involvement. The most commonly observed lesions were acute interstitial pneumonia, hepatitis, and enteritis. Cultures of sequentially collected nasal and rectal samples from clinically normal calves revealed a large percentage of inapparent infections during, at least, the first 30 days of age.
cy has been documented in many species, including cattle. Chlamydia have been demonstrated in the feces of 60% of normal calves . 14 The equilibrium between host and parasite can be disturbed by stress, concurrent infections, nutritional deficiencies, and other undetermined factors, resulting in overt clinical disease. The pathogenic potential of Chlamydia in cattle has been well-established and includes enteritis, pneumonia, polyarthritis, encephalomyelitis, conjunctivitis, abortion, and genital infections. 2, 4, 9, 12 Most of these conditions also affect young calves. However, diagnosis is often made difficult by the lack of characteristic clinical signs or lesions, frequent association with other intestinal and respiratory pathogens, and the possible isolation of Chlamydia from clinically normal calves. Furthermore, the organism is not easy to culture in the laboratory, and most diagnostic laboratories do not routinely attempt Chlamydia1 isolation procedures.
Chlamydia1 disease has been frequently diagnosed in our laboratory in young dairy calves during the last 3 years. Chlamydia are usually isolated from large numbers of calves in infected herds. Systemic and/or pneumonic conditions are observed in calves ranging from a few days to 4 months of age. The disease is often uncomplicated in the younger calves when other neonatal infections are controlled. This report summarizes the microbiologic and pathologic findings in a group of neonatal calves from a herd in which chlamydial infections were a major cause of calf disease during their first months of life.
Material and methods
Herd study. Nasal and rectal swabs and blood were collected from 40 calves shortly after birth (before ingestion of colostrum), at 2-3, 15, and 30 days of age, and when any calf was observed sick. In addition, nasal and rectal swabs and blood were collected from older calves outside the study group that were observed sick. Necropsies were conducted on all calves dying during the trial. The calves were raised under normal production conditions at a large dairy in central Arizona with excellent calf-rearing facilities and management. The herd had low morbidity but a persistent problem with Chlamydia1 infections. Chlamydia1 isolation and bacteriologic examinations were conducted on all swabs collected. Virus examinations were conducted only on samples from sick calves and necropsy specimens. Acute and convalescent serum samples from sick calves were assayed for neutralizing antibodies against infectious bovine rhinotracheitis (IBR), parainfluenza-3 (PI-3), and bovine virus diarrhea (BVD) viruses, and a bovine respiratory syncytial virus (BRSV).
Chlamydia1 isolation. Isolation studies were performed on lung, liver, and spleen from necropsy calves, and on nasal and rectal swabs from live calves. Seven-day-old chicken embryos were inoculated via the yolk sac. The presence of Chlamydia was determined by examining Gimenez-stained yolk sac smears of embryos that died 3-l1 days postinoculation. Isolates were further identified as Chlamydia sp. by testing for group antigens in crude yolk sac extracts with hightiter antiserum by complement fixation test. 7 Bacteriologic studies. Bacterial isolation from tissues and swabs included culture of samples in bovine blood agar plates and Tergitol-7 agar. Isolates were identified biochemically. l Mycoplasmas were cultured on modified Hayflick's inhibitor serum agar 6 and incubated in 5% CO, at 37 C. Mycoplasma isolates were identified by direct serologic examination of viable colonies with rabbit-produced antisera ll and an antirabbit globulin fluorescence-conjugated antiserum" in an indirect fluorescent antibody (IFA) test.
Virological studies. Virus isolation was attempted from lung, spleen, and intestinal necropsy specimens, and from nasal and rectal swabs from live calves. The cells utilized were primary bovine testicle cell cultures and bovine turbi- The presence of BRSV was investigated by FA test of nasal or enteric involvement. One calf, first observed sick at swab smears or frozen section of lung using fluorescent-con-day 1, died at 10 days of age. One additional calf was jugated monoclonal antibody. c Direct electron microscopy found dead at 21 days of age with no previously obwas conducted on negatively stained suspensions of feces served clinical disease.
from calves with diarrhea.
Four of the 30-45-day-old calves exhibited respi-Serologic tests. Serum neutralizing antibodies were mearatory disease during the study. sured by microtiter serum neutralization (SN) tests against
Pathology. There was a diffuse bronchointerstitial PI-3, BVD, and IBR viruses, and BRSV by standard methpneumonia in the lo-day-old calf, with thickened alods. 5 Histopathologic examinations. Tissues were fixed in 10% veolar septa, macrophages in the alveolar exudate, and neutral buffered formalin, processed and sectioned according focal areas of neutrophilic bronchiolitis and alveolitis.
to standard methods, and stained with hematoxylin and eosin
There was portal infiltration of the liver by mononu- were observed sick during the trial. All exhibited a An interstitial pneumonia was observed in the lungs febrile, systemic disease with only minor respiratory of the 2l-day-old calf, with macrophages and fibrin exudation within the alveolar lumina ( Fig. 3 ).
Microbiologic findings. The isolation data of sequential testing of Chlamydia1 and respiratory bacterial pathogens from the 33 calves that remained healthy in the study are summarized ( Table 1 ). The results of Chlamydia1 and respiratory bacterial pathogen isolation procedures from the sick calves during the study are summarized also ( Table 2 ). The data include samples collected from the 6 young calves and 4 calves that were sick between 30 and 45 days of age. All mycoplasma isolates, with 1 exception, were identified as Mycoplasma bovirhinis. The exception was an untypeable isolate from one of the calves on day 30. Viruses were not isolated from nasal or rectal swabs collected from the clinically sick calves. The FA tests Seroconversion to BRSV, and IBR, PI-3, and BVD Chlamydia sp. and Escherichia coli were isolated from the lung of the calf that died at 10 days of age. Chlamydia were isolated from the lung of the calf that died at 21 days of age. Mycoplasma sp. was not isolated from either calf. Virus isolation attempts and the BRSV FA test on frozen sections of the lungs were negative. No viral particles were observed in the intestinal contents of either calf by direct electron microscopy.
Discussion
The clinical signs and postmortem lesions observed in this herd are consistent with those previously described in Chlamydia-infected calves. 4, 9, 12 The lesions are not pathognomonic however, and a pathologic diagnosis is difficult unless Chlamydia1 elementary bodies are found in Macchiavello-stained sections. A definitive diagnosis requires isolation of the agent from internal organs or detection of antigens by a specific FA test. 8 The results of this study confirm the existence of high rates of latent Chlamydia1 infections in calves. The percentage of fecal Chlamydia1 isolations from asymptomatic calves in this study is similar to that of a previous report. l4 The relatively high percentage of nasal carriers is in contrast to results of previous studies, which failed to detect significant nasal excretion of Chlamydia. 10 Age differences in the calves tested could account for the discrepancy. The high rate of nasal shedding in our calf group suggests an active chlamydial infection in the herd. This was demonstrated by the isolation of Chlamydia from swabs and tissue of all sick and dead calves often without concurrent infections. The diagnostic value of nasal shedding as an indicator of active herd infection should be further investigated.
The high numbers of positive nasal samples in the first few hours of life strongly suggest the possibility of widespread in utero infections. This observation is in agreement with the findings of other investigators who propose that transplacental infections play a major role in the spread of Chlamydia within a herd. 3 The subsequent increase in positive nasal cultures in the samples collected postcolostrum is more likely a result of horizontal transmission within the group. 2 The high rate of latent Chlamydia1 infections in this herd raises the question of identifying the possible initiating or contributing factors in the production of clinical disease. Concurrent infections with Pasteurella multocida and M. bovirhinis were prevalent; however, these agents were not considered to be significant contributors to the disease problem in the first 2 weeks of life because of their sparse isolation during that period.
The increased excretion of P. multocida and M. bovirhinis in the 15-30-day-old calves suggests, nonetheless, that these agents, in conjunction with Chlamydia, could play an important role in the respiratory disease of the older calves. Viral infections were not considered to be a problem in this calf population, at least during the first month of life. Management and environment factors could not be identified as causes of stress.
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